There is a need for safe medications that can effectively support recovery by treating symptoms of protracted abstinence in alcoholics that may precipitate relapse e.g., craving and disturbances in sleep and mood. This proof-of-concept study reports on the effectiveness of gabapentin 1200 mg for attenuating these symptoms in a non treatment-seeking sample of cue-reactive, alcohol-dependent individuals. Subjects were 33 paid volunteers with current DSM-IV alcohol dependence and a strength of craving rating 1σ or greater for alcohol than water cues. Subjects were randomly assigned to gabapentin or placebo for 1-week and then participated in a within-subjects trial where each was exposed to standardized sets of pleasant, neutral, and unpleasant visual stimuli followed by alcohol or water cues. We found a significant attenuating effect of gabapentin (vs. placebo) on several measures of subjective craving for alcohol as well as for affectively-evoked craving. Gabapentin was also found to significantly improve several measures of sleep quality. Side effects were minimal, and gabapentin effects were not found to resemble any major classes of abused drugs. Results suggest that gabapentin may be effective for treating the protracted abstinence phase in alcohol dependence and, hence, that a randomized clinical trial would be an appropriate next step. The study also suggests the value of cue reactivity studies as proof-of-concept screens for potential anti relapse drugs.
INTRODUCTION
Neurobiological approaches to alcohol addiction have suggested that it develops in a process of homeostatic adaptation to chronic high doses of alcohol that increases set point for reward (Koob and Le Moal, 1997; Koob et al., 1998) . The process is thought to involve several neurotransmitter systems, including GABA (protective inhibitory effects) and glutamate (endogenous stress). These neurotransmitter systems modulate internal states associated with positive and negative affect (Koob and Le Moal, 1997) , states implicated in clinical vulnerability to relapse in protracted abstinence (Marlatt, 1985; Baker et al., 1987; Geller, 1991; Addolorato et al., 2005) . Medications that normalize imbalance in these systems may protect against drinking relapse during protracted abstinence.
At the present time, only disulfiram (Antabuse), naltrexone (ReVia, Vivitrol) and acamprosate (Campral) have received FDA approval for treatment of alcohol dependence (for review see e.g. Garbutt et al., 1999) . Disulfiram and naltrexone interrupt the binge/intoxification phase of alcohol dependence by punishment and reducing the positive reinforcing effects of drinking, respectively. Disulfiram changes the metabolite profile of alcohol, such that drinking produces a swift and an extremely unpleasant reaction (Christensen et al., 1991) . Naltrexone blocks alcohol-induced stimulation of the endogenous opioid system thereby hypothetically reducing the pleasurable effects of drinking . Acamprosate, on the other hand, is thought to be effective in the protracted abstinence phase by reducing the secondary reinforcing effects of drinking by acting on the glutamate system to attenuate CNS excitability (Littleton, 1995 or De Witte et al., 2005 .
In this paper we present results from an early Phase II proof-of-concept human laboratory cue reactivity study of the anticonvulsant drug gabapentin (Neurontin). Like acamprosate, it acts on GABA and glutamate systems to normalize CNS activity (Roberto et al., 2008) . Published reports have suggested it may have efficacy as an off-label treatment for depression (Ghaemi et al., 1998; Harden et al., 1999; Maurer et al., 1999; Ghaemi and Goodwin, 2001; Yasmin et al., 2001) , anxiety (Pollack et al., 1998; Pande et al., 2000) , and insomnia (Ehrenberg, 2000; Karam-Hage and Brower, 2000; Placidi et al., 2000) , all of which have been identified as symptoms of protracted abstinence and which can increase risk of relapse in abstinent alcoholics (Hershon 1977; Marlatt, 1985; Lowman et al., 1996; Zywiak et al., 1996; Annis et al., 1998; Mason et al., 1999) . If gabapentin were found to attenuate such protracted withdrawal-related symptoms, such a finding would tend to confirm the hypothesized significance of GABA and glutamate system dysregulation in alcohol dependence, because gabapentin and acamprosate have these mechanisms in common.
Of equal importance, this study exemplifies a type of early Phase II proof-of-concept study that can be of value in screening such potential pharmacological treatments for relapse prevention in alcohol dependence. A week of double-blind outpatient drug administration permits an initial estimation of drug safety and efficacy and establishes chronic dosing for studying drug effects on cue reactivity in the laboratory. The cue-reactivity paradigm has a long history (e.g. Baker et al., 1987; Rohsenow and Monti, 1999) . However our study is designed to elicit responses that may threaten abstinence in the period following acute withdrawal--responses that include craving as well as negative and positive affect--and to compare reactivity to beverage (alcohol vs. water) and affective (positive or negative vs. neutral) cues, alone and in combination, in a group of alcohol dependent subjects treated with gabapentin relative to placebo.
A key aspect of the study design is exposure to alcohol cues (sight and smell of the subject's favorite alcoholic beverage) without consumption. Alcohol consumption would be expected to mask the effects of any medication that targets symptoms of protracted abstinence, as either or both could attenuate such symptoms; the effects of alcohol and the drug to be tested would therefore be inextricably confounded. Our design is therefore relatively novel in combining elicitation of craving while inducing both positive and negative affect (along with interaction effects) with non-consumptive alcohol cue exposure. As such it may be particularly well-suited for testing the effectiveness of pharmacological treatments intended to normalize the neurobiological imbalances associated with protracted abstinence in alcoholics.
At least one prior study (Rubonis et al., 1994) has found cue reactivity effects to be most clearcut for those with an inclination to respond strongly to alcohol cues. Therefore, in order to measure medication effects on this outcome, we included only "cue reactive" subjects in the present study.
In view of the foregoing discussion, we hypothesized that gabapentin subjects would report less craving and arousal when exposed to alcohol cues and either positive or negative affective cues. Secondarily, we hypothesized that gabapentin would be found to attenuate general (not cue-specific) craving, negative mood, and sleep disturbance following a week of medication administration.
METHODS AND MATERIALS

Subjects
This study was conducted at the University of Miami School of Medicine, Miami, FL and approved by that institution's Institutional Review Board as conforming to the ethical standards of the 1964 Declaration of Helsinki. Subjects provided written informed consent prior to participation. Subjects were non treatment-seeking paid volunteers recruited primarily through advertisements, meeting the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV; American Psychiatric Association, 1994) criteria for current alcohol dependence, abstinent from alcohol on the day of the study, as verified by Breath Alcohol Concentration (BAC), not in acute withdrawal as verified by a Clinical Institute Withdrawal Assessments for Alcohol (CIWA-Ar; Sullivan et al., 1989) score of < 8, and meeting the definition of "cue reactive". An individual was considered cue reactive if his or her "strength of craving" score under a neutral affect condition (see Study Overview below) was 1 standard deviation (3 VAS rating scale points; see measures discussion) greater for alcohol than for water cues during a mini cue reactivity session. This is similar to the criterion described by Rubonis et al. (1994) to classify cue reactors. Exclusionary criteria consisted of clinically significant medical or psychiatric disorders including depression, anxiety, or dependence on substances other than alcohol and nicotine.
Study Overview and Experimental Design
Subjects meeting admission criteria were randomized to receive gabapentin 1200mg or placebo 1 . Dosages (matched in the placebo condition) were titrated as follows: 300mg morning on day 1, 300mg morning and also evening on day 2, 300mg morning, midday and evening on day 3, and 300mg morning and midday followed by 600mg evening for days 4-7. On day 7 of double-blind medication, overall measures of mood, sleep, and craving were assessed. This one-week interval of chronic dosing is intended to model and predict the critical first week on medication in a Phase II or III clinical trial, when participants' experiences with sleep and mood, or side effects, can dramatically affect treatment adherence and risk for dropout. Subjects were given the cue reactivity protocol on day 7 of study medication. Our cue reactivity methods have been described previously (Mason et al., 2008) . The 4-hour cue reactivity protocol included a baseline evaluation, followed by the cue reactivity procedures, and subsequent debriefing. A 3 (affective stimuli: positive, neutral, negative) × 2 (beverage cue: alcohol, water) within-subjects, block-factorial design (6 repeated measures; Kirk, 1995) was employed for the cue reactivity manipulation. Thus, the 6 affect-beverage trial types were: positive-alcohol, neutral-alcohol, negative-alcohol, positive-water, neutral-water, negativewater. All six mood-beverage cue combinations were presented to each subject (with order varying systematically across subjects) during the course of a single afternoon. Since order effects of cue presentation have been observed in previous studies (Monti et al., 1987; Cooney et al., 1997) , subjects were systematically assigned one of six cue order combinations, in the order they were enrolled in the study.
MEASURES Assessments
Standardized measures were collected prior to randomization to characterize the sample and ensure admission criteria were met. Alcohol dependence criteria were ascertained with the Structured Clinical Interview for DSM-IV (SCID; First et al., 1996) , which was also used to exclude individuals with depressive, anxiety, or other drug use disorders. A protocol-specific standardized questionnaire was used to obtain significant drinking and substance use history, including age of first use and total years of heavy drinking (5 drinks/day for males, 4/day for females). The Timeline FollowBack Interview (TLFB; Sobell and Sobell, 1992 ) was used to determine recency, quantity and frequency of drinking in the 90 days prior to testing. The Alcohol Dependence Scale assessed dependence severity (ADS; Skinner and Horn, 1984) .
Overall subjective sleep quality and 7 components of disturbed sleep were assessed by the Pittsburgh Sleep Quality Index (PSQI; Buysse et al., 1989) . The Beck Depression Inventory (BDI) assessed severity of sub-syndromal depressive symptomology (Beck et al., 1961) . BAC was measured by breathalyzer to confirm abstinence prior to cue exposure.
To verify a safe return to a baseline state following the cue exposure trials, the Alcohol Craving Questionnaire (ACQ; Singleton et al., 1994) was administered both prior to and following the cue reactivity procedure to ensure that the trials had not resulted in increased subjective urge to drink. Similarly, the Positive and Negative Affect Scale (PANAS; Watson et al., 1988 ) was administered at baseline and again after the experimental session, to ensure that subjects had been adequately debriefed and had returned to their normal emotional state. The SAFTEE-G (Levine and Schooler, 1986 ) was obtained after the experimental session (following 1 week on drug or placebo) to assess side effects. The 49-item version of the Addiction Research Center Inventory (ARCI; Martin et al., 1971 ) was used to assess abuse potential of gabapentin in alcoholics by evaluating the similarity of its effects to known drugs of abuse.
Cue Reactivity: Subjective Measures
Alcohol craving in response to each affect-beverage condition was assessed using four individual Visual Analog Scale items (VAS; endpoints were marked with a 0 on the left indicating no craving, and a 20 on the right indicating severe craving) adapted from the ACQ (Singleton et al., 1994) 2 . The items represented expectancy for positive reinforcement ("Having a drink would make things just perfect"), strength of craving ("How strong is your craving to drink alcohol"), intent ("If I could drink alcohol now, I would drink it"), and lack of control ("It would be hard to turn down a drink right now").
Emotional reactivity was assessed using a computerized version of the Self-Assessment Manikin (SAM; Bradley and Lang, 1994) . SAM is a cartoon figure used to assess three dimensions of affect; valence (how happy or unhappy one is), arousal (excitement, possibly anxiety), and dominance (subjective sense of control). Subjects were instructed to indicate "how you are feeling right now." Anchors for the valence dimension included "happy, satisfied, contented" versus "unhappy, sad, bored." Arousal anchors included "stimulated, excited, jittery" versus "relaxed, calm, sluggish." Dominance anchors included "powerful, strong, controlling" versus "powerless, submissive, controlled." Potential responses were marked with 0 (least strong) on the left end to 20 (strongest) on the right end. Two additional VAS ratings were used to provide manipulation checks on the experimental conditions. These questions represent beverage preference ("How much did you like the beverage just given to you") and picture emotiveness ("Watching the pictures made me feel a strong emotion"). These questions also were anchored with extreme values of 0 and 20 (20 indicating strongest emotion).
Cue Reactivity: Psychophysiological Measures
Heart rate (HR), skin conductance (SC), and facial electromyogram (EMG) were monitored throughout each experimental trial as confirmatory measures of the primary subjective measures of craving and emotion. The focus of the present analyses is on the 90-second in vivo beverage cue exposure periods. Following guidelines provided by Fridlund and Cacioppo (1986) , electrodes were placed on the corrugator and zygomatic muscle regions on the left side of the face to record negative affect (frowning) and positive affect (smiling) respectively.
Affective Stimuli
Positive, neutral, and negative pictures were selected from the International Affective Picture System (IAPS; CSEA, 1994) . Two sets of equivalent images were selected for each affective category (positive, negative, neutral), in order to reduce habituation across the 2 beverage conditions. Thus, 24 pictures from each affective category were used. Prior work in our lab has verified that the selected affective slides are associated with the expected affective category (Mason et al., 2008) .
Procedures
The cue reactivity protocol is summarized in Table 1 , and details are provided in Appendix 1. Briefly, subjects completed the baseline clinical assessments, and then were escorted to a comfortable chair in an isolated room, and sensors to record psychophysiological responses were attached. For each of the six cue combinations (alcohol/water by positive affect/negative affect/neutral affect) a computer screen displayed the appropriate emotion-evoking IAPS images, followed by placement of the subject's favorite alcoholic beverage or water on a small table close enough for the subject to see, touch, and smell. Psychophysiological, subjective craving and other ratings were obtained in the course of each such cue combination. After completing all six cue combinations, subjects were debriefed, and reassessed to ensure safe return to baseline.
Statistical Analysis
Mixed-effects modeling was used for statistical analysis. This approach produces results more general than but otherwise similar to repeated measures ANOVA (Laird and Ware, 1982; Gueorguieva and Krystal, 2004) . Analyses were conducted using MLwIN software (Rasbash et al., 2000) . Beverage (alcohol or water) and affective stimuli (positive, neutral, or negative) were treated as within-subject fixed factors, while drug condition (gabapentin or placebo) was a between-subjects fixed factor. All 33 cue reactive participants provided complete outcome data over all six cue conditions in the laboratory protocol (total observations = 33 × 6 = 198). Models included all possible terms up to two-variable interactions. We decided not to include three-variable interactions because such terms complicate model interpretations without contributing to the study hypotheses. In addition we assumed that there would be no main effect of gabapentin (i.e. an effect that held on average across all cue exposure conditions), because the lab situation and outcome measures (craving, SAM, and cue checks) were designed to focus subjects' attention on differences between cue conditions and outcome changes occurring over a span of a few minutes, in contrast to more time-stable mood or motivational conditions (e.g. depression or anxiety) that might have been affected by medication. This assumption makes interpreting drug-cue interactions straightforward: coefficients of such terms tell us the extent to which medication modifies cue effects 3 . Table 2 shows detailed demographic, substance use, and clinical characteristics of the sample. Most subjects were male and approximately half of the sample was non-white. Mean age was approximately 40, ranging from 19 to 59. Table 2 also provides descriptions of alcohol consumption, which was quite heavy, as intended. However, no subject reported drinking throughout the day, and most drank primarily evenings and weekends, suggesting some ability to function and carry out typical social responsibilities. Only 20% had been in previous alcohol treatment or detox.
RESULTS
Safety and Tolerability
Because the control sample was augmented with cue-reactive subjects from studies in which no medication was involved, not all control subjects were assessed for adverse reactions to medication. However, of those subjects who were thus assessed, whether cue-reactive or not (n=30), we did find a significant (t(28) = 2.58, p<.02) difference in total symptom counts over the week on medication (mean 3.3, standard deviation 2.7) or placebo (mean 1.1, standard deviation 1.7). This difference was generated by symptoms of dizziness (χ 2 (1) = 6.1, p<.02) and fatigue (χ 2 (1) = 6.1, p<.02); drug and placebo groups did not differ significantly on any other symptoms. Analyses comparing ARCI scores on five drug-of-abuse groups (Morphine-Benzadrine, Pentabarbitol-Clorpromazine-Alcohol, LSD, Benzadrine, and Amphetamine) for gabapentin vs. placebo found no statistically significant differences, suggesting that gabapentin does not produce effects resembling those of drugs in these groups. Like safety and tolerability, ARCI was obtained only for a subsample of subjects (n=28, 17 treatment, 11 placebo). Table 3 presents results of mixed-effect analyses for all subjective outcome measures. The models associated with each row contain three within-subject main effect terms, dummy-coded to represent beverage cue (0=water, 1=alcohol), positive affective stimuli (0=neutral, 1=positive), and negative affective stimuli (0=neutral, 1=negative), and two interaction terms, beverage cue by positive affect, and beverage cue by negative affect. Hence within-subject effects are compared to a water, neutral, or water-neutral conditions. In addition, treatment is a dummy-coded (0=placebo, 1=gabapentin) between-subjects effect. Columns in Table 3 contain parameter estimates for all effects specified in each model. Note that each model specification includes the same set of predictor variables.
Mixed Effect Models
Manipulation Checks
Validity of beverage and affective cues were investigated in several ways. First, we examined their effects on ratings of beverage-liking and feeling strong emotion (Table 3 , rows 1 and 2). We found a statistically significant main effect of beverage cue on beverage-liking, with 3 Interpreting interaction effects in linear models depends upon a variety of possible assumptions concerning the mechanism that generated an observed interaction. For an excellent discussion, see Hargens (unpublished results); some of these issues were also addressed by Allison (1977) and Bobko (1986) . In addition to this model specification, we also ran versions of all models with main drug effects added (Table 3) , as well as three-way interactions. None of the main effects of medication were significant, and the results from those models (not reported here) were not qualitatively different from those shown in Table 3 . Including three-way interactions also did not materially alter reported results. alcohol preferred to water; and also significant main effects of both positive and negative image exposure relative to neutral images on feeling strong emotion. Since affective stimuli preceded beverage presentation, results suggest that the affective response lasted through the period of beverage presentation. We also calculated within-subject correlations (Snijders and Bosker, 1994) between psychophysiological measures (heart rate, skin conductance, zygomatic, and corrugator averages calculated during in vivo beverage exposure) and all nine subjective measures including the four craving questions, three SAM questions, beverage liking, and feeling strong emotion; thus 4 × 9 = 36 such correlations were examined altogether. While these correlations were all small and most were non-significant, consistent with findings from other studies (Ooteman et al., 2006) , four were statistically significant and one was trendsignificant, more than would be expected by chance. Specifically, (a) heart rate was positively correlated with SAM Arousal (r=0.181, p<.05), (b) zygomatic response was positively correlated with SAM Valence (r=0.175, p<.05), (c) corrugator response was negatively correlated with beverage liking (r=−0.141, p<.10), and skin conductance and heart rate were positively correlated with feeling strong emotion (r=0.212 and 0.184, respectively, p<.05 for both). Taken together, these results suggest that the experimental conditions affected subjects as expected.
Random Effects
Variances were allowed to differ across cue combinations, and nonzero covariances between model effects were permitted, both within and between subjects. Significant effects were found for some models; however, as they are largely nuisance effects for purposes of the present study, they are not reported.
Primary study hypotheses are tested with results from the last three columns of Table 3 , i.e. those involving interactions between medication and, respectively, alcohol, positive affect, and negative affect cues. These parameter estimates indicate the extent to which gabapentin alters subjects' reaction to these three types of cues, compared to placebo. Negative values imply attenuation, while positive values show augmentation. Figures 1 and 2 summarize the statistically significant findings concerning these effects.
We hypothesized that gabapentin would attenuate alcoholic beverage-induced craving compared to placebo. As shown in the first three sets of bars in Figure 1 and rows 3-5 of Table  3 , this hypothesis is confirmed for three of the four subjective craving measures (how strong is your urge to drink, I would drink now if I could, it would be difficult to turn down a drink now).
We also hypothesized that gabapentin would attenuate affectively-induced craving significantly more than placebo. As the last set of bars in Figure 1 shows, this hypothesis was supported for the effect of medication on positive-affect-induced craving on one craving measure (difficult to turn down a drink now). No other craving measures showed this effect for positive affect-induced craving, and none showed such an effect for negative affect-induced craving.
We further hypothesized that gabapentin would reduce arousal induced by all three types of cues. The analyses supported this hypothesis directionally for all three cue types, and the level of attenuation was statistically significant for positive and negative affective cues. Figure 2 shows the latter two results; the full model is shown in Table 3 , row 8.
Although not a major focus of the study, an additional finding is worthy of mention. Row 7 of Table 3 shows a significant and positive effect of medication on valence (larger values indicate more positive affect) induced by alcohol cue. The main effect of alcoholic beverage exposure (direction only, non-significant) was negative, indicating some negative affect or tension induced by the exposure, plausibly because subjects knew they would not be allowed to consume the alcohol. This negative affect was significantly attenuated for those subjects taking gabapentin compared to placebo, consistent with a beneficial effect of gabapentin.
Gabapentin Effects on Secondary Outcomes
Some technical problems early in the study (corrected as the study proceeded) led to the loss of some secondary outcome data, which is described in the course of the following discussion. Table 4 shows results from a set of between-subject ANOVAs comparing gabapentin and placebo on several secondary outcomes: general (not cue-induced) craving, mood symptoms, and sleep quality. No significant differences were found for either craving (as measured by the Alcohol Craving Questionnaire) or mood symptoms (measured by the Beck Depression Inventory).
However, several of the Pittsburgh Sleep Quality Index component scales showed greater improvement in gabapentin than placebo groups. Subjective quality was significantly (p<.001) better in the gabapentin group than placebo, latency (time required to fall asleep) was shorter, and efficiency (percent of time in bed the respondent actually slept) was greater (trend, p<.06). The global PSQI sleep index was also significantly better in the gabapentin group, vs. placebo (p<.05). Of the 7 PSQI subscales, only one did not show at least some advantage in the gabapentin group compared with placebo. Table 2 shows that subjects returned to baseline levels on measures of mood and craving following the cue reactivity session.
DISCUSSION
The central objective of this early Phase II proof-of-concept study was to estimate the effects of gabapentin vs. placebo on symptoms of protracted abstinence from alcohol using a laboratory model that comprises many of the conditions found in a clinical trial of such effects. In evaluating gabapentin's effectiveness for attenuating craving, and affective and sleep-related disturbances known to be associated with protracted abstinence, the study serves as an efficient screen for gabapentin's potential as a treatment for alcohol dependence. The same general approach may be useful for early clinical tests of other drugs judged to have similar neurobiological potential based on pre-clinical studies.
Alcohol exposure and both positive and negative emotional cues had the expected effects on reactivity check measures (like beverage, feel strong emotion) and on SAM emotional reaction measures. Small but generally consistent correlations with psychophysiological measures were observed, as has been found in previous studies (e.g. Ooteman et al., 2006) . Taken together, these findings lend confidence that the human laboratory design employed in this study may provide a model that is useful for identifying outcomes that may be found during a Phase II or III clinical trial (Mason et al., 2008) .
Results provide support for the potential efficacy of gabapentin in attenuating craving and other symptoms of protracted abstinence known to predict relapse among alcoholics in treatment. Gabapentin significantly attenuated craving for alcohol vs. water on three of four subjective craving measures. Gabapentin also reduced positive affect cue-based craving significantly on the "difficult to turn down a drink now" rating vs. placebo. Gabapentin was found to attenuate rating of arousal for alcohol (trend), positive affect, and negative affect cues. Finally, gabapentin significantly improved several measures of sleep quality compared to placebo.
These findings stand in contrast to those of Myrick et al. (2007) who found a non-significant trend (p<0.18) for between-subject reduction of craving (measured by Alcohol Urge Questionnaire; Bohn et al., 1995) in a sample of non-treatment-seeking alcoholics. However, this difference could be explained by the fact that Myrick and colleagues employed an alcohol administration paradigm which counters the condition of protracted abstinence and would be expected to reduce the effect of drugs used to treat it. Bisaga and Evans (2006) also found no effect of gabapentin on craving, but their study design involved only a single dose of gabapentin rather than the chronic dosing used in the present study as well as alcohol administration, in a sample of normal, i.e., not alcohol dependent subjects. Pre-clinical studies (Koob, 2000; Roberto et al., 2008) suggest that the neurological imbalances gabapentin is hypothesized to correct would only apply to alcohol dependent individuals. Consistent with this hypothesis, Roberto and colleagues recently reported a dose-dependent reduction in ethanol selfadministration with gabapentin in dependent rats, with no effect in non dependent rats (Roberto et al., 2008) .
Our results did confirm the conclusions of Bisaga and Evans (2006) and Myrick et al. (2007) regarding the safety and tolerability of gabapentin among alcohol-dependent individuals.
The study has some limitations. While results show that the laboratory design was successful in eliciting craving responses for alcohol (sight and smell of alcohol) vs. water cues, the design did not as consistently produce differential craving in response to either positive or negative affective cues. The effects of IAPS images on self-reported emotions have been extensively validated (e.g. Bradley et al., 1996) , but may be less consistently evocative of affect-related alcohol craving than other procedures, particularly in terms of negative affective cues. In the present study, positive cues increased rating of strength of craving, but the effect size was relatively small (d = 0.36). Moreover, gabapentin was not found to attenuate any measure of craving evoked by negative affective cues, whereas one of the craving measures (difficult to turn down) evoked by positive affective cues was attenuated. A plausible explanation is that positive stimuli included images of sporting events and romantic encounters which are commonly associated with alcohol consumption and decreased inhibitory control. Conversely, negative stimuli included images of war scenes or mutilation that were highly unpleasant and arousing but not typically associated with alcohol consumption. Few laboratory studies have included emotionally positive cues, so more remains to be learned about its possible role in craving and relapse. More generally, the role of emotional state, both alone and in contexts where drinking cues are also present, requires additional attention (Niaura, 2000) . At the present time, however, it appears that under some circumstances, positive affective cues can increase craving, and gabapentin can attenuate such craving.
An additional limitation of this study is our focus on cue-reactive subjects, rather than alcohol dependent individuals generally. While this choice limits generalizability, it is important to bear in mind that our purpose has been to test the effects of gabapentin on attenuating cueelicited symptoms that could model those triggered by events in subjects' lives during a laterphase clinical trial, specifically exposure to alcohol and changes in affective state. Since some individuals do not appear to react strongly to alcohol cues in laboratory settings (Rubonis et al., 1994) , including such individuals in a study with these objectives could be quite misleading. Additional studies will be needed to determine the usefulness of our proof-of-concept model (and others as well) as an aid to deciding which pharmacotherapies have promise for treating alcohol dependence and warrant the more extensive and expensive testing of full scale clinical trials.
In summary, we found a significant attenuating effect of gabapentin (vs. placebo) on several measures of subjective craving for alcohol as well as for affectively-evoked craving. Gabapentin was also found to significantly improve several measures of sleep quality. Side effects were minimal, and gabapentin effects were not found to resemble any major classes of abused drugs. Results suggest that gabapentin may be effective for treating the protracted abstinence phase in alcohol dependence and, hence, that a randomized clinical trial would be an appropriate next step. The study also suggests the value of cue reactivity studies as proofof-concept screens for potential anti relapse drugs.
APPENDIX 1. Laboratory Procedure Details
Laboratory sessions occurred at approximately 2:00 p.m. to control for effects of circadian rhythm and satiety. Subjects were required to have been abstinent the day of their session, as verified by BAC. Subjects were escorted to a comfortable chair located in a windowless, soundattenuated testing room, adjacent to the control room and separated by a large one-way mirror.
Subjects were familiarized with laboratory procedures during a practice neutral-water cue reactivity trial, followed by the six experimental trials. Each trial consisted of a set of affective pictures, followed immediately by exposure to alcohol or water beverage cues which they were instructed to not drink. The affective picture viewing procedure consisted of pictures presented on a large screen directly in front of the participant, and included pleasant (e.g. adventure sports, intimate kissing), negative (e.g. traumatic physical injuries, dangerous weapons) or neutral (e.g. household objects, mushrooms) images. For each trial, participants were exposed to a set of 12 pictures within the relevant affective condition, with each picture presented for 10seconds, and a 4-second interval between pictures. Subjects were instructed to look at each picture for the entire presentation time and remember the mood evoked by the pictures. Immediately following the picture sequence, the computer display went blank, and subjects were then presented with either their preferred alcoholic beverage (e.g. vodka, lager beer) or bottled water on a tray table adjusted to a height that placed the beverage under the subject's nose. The alcohol or water beverage was presented in the subject's preferred mode of consumption (e.g. small tumbler for vodka, Pilsner glass for beer) and the alcoholic bottle/can of alcohol or water bottle was placed at the left corner of the tray table for visual reference. Specific alcohol brand preferences were accommodated whenever possible, including choices of mixers (e.g. vodka would be poured into a glass along with orange juice if the favorite drink were a screwdriver). Subjects were instructed to "focus on the sensation you have while smelling the alcohol or water beverage and continue to feel the mood stirred up in your imagination by the pictures you have just viewed." The beverage cue exposure period lasted for 90-seconds 4 . Following the beverage exposure period, the beverage was removed. Subjects then completed all subjective ratings by making selections from the computer screen with a computer mouse. Presentation and timing of all affective images and timing of beverage cue exposure, as well as time-locked collection of all psychophysiological measures and ratings, was controlled by a computer running VPM software (Cook et al., 1987) . Upon completing all 6 cue reactivity trials, a debriefing period commenced, all electrodes were removed and relevant baseline assessments were repeated to ensure that affect and urge to drink had returned to baseline levels. Subjects received monetary compensation of $100.00 before leaving. Protocol chronology is shown in Table 1 .
Figure 1. Effects of gabapentin vs. placebo on alcohol and affective cue-induced craving
Legend. Craving was measured by visual analogue scale (VAS; range: 0-20). Strength = strength of craving ("How strong is your craving to drink alcohol"); Drink = intent ("If I could drink alcohol now, I would drink it"); Difficult = lack of control ("It would be hard to turn down a drink right now"); Alc = alcohol cues; Aff+ = positive affective cues.
Figure 2. Effects of gabapentin vs. placebo on affective cue-induced SAM arousal
Legend. Arousal was measured by the Self Assessment Manikin (SAM; Bradley and Lang, 1994) that has a range of 0-20. Step 1 -Mood Induction: Subject exposed to block of 12 affective images (pleasant, unpleasant or neutral), psychophysiological recording 2:45 p.m.
Step 2 -In Vivo Beverage Cue: Alcohol or water beverage placed in front of subject for 90-sec while recalling pictureinduced mood, psychophysiological recording 2:50 p.m.
Step 3 
